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mmm2] mamma, t)—$~s*±i$.ftt LtzT 
mmm3i mamma. 'pte<t*>. ^--f>7? 

o. Rh> pd, p t ^6as?*ftrc«»*±«»fr 
*ci*»«tr*iiwwii 7iiM5©t>-rti*scfBe<D 

b. 

SttB*ftfcB?fc«l:oTH«*raj*T*HBIBJjHS« 

tis^Ji9] b— &tf£=BS£, i^m-mfii±icK 

Li6*«»*$tei|*JB^-r*lSi:, tuts 

«*««©««(ci«ij-rsie4t. B9iB»S"j*nrc«« 

RM0II9 lclBSE©^?«iai3g?a)Siit^;£o 
[M$5 11] BuIBfil? ffSlSCSMT* <fc 5 lc£B 
*n-5cl<h^!ttgi!<!:-r?>«3?ii1 0 C:iBB0>B?ttti]£ 



[flWWn 3] HuIBfi^VX^tLT. bTjIBH^x 
7f>^511*\ ^fBte^^^lcx^^V^LT 

NttrtxSTfcsveira&rsiHMii own 2 

[«3?Jg 1 4 ] huI BBS <»: fuf BB 1 com^ <h ©fia Iz x 

*>^*8Wj-r*B*EBT*is**5ic*rr*B* 

-f«VK7 -f^»-#>» y-r-V^VK, ^7 7: E> 

k 7 7"T / \~-cx)^-f tifrfr s ft £ c £ & r * wa< 

J1973M1 5 ©^rnfrfcEBOB^ttajB^flDBB* 
7] B«±lcEB*ftfcBBttfflli:, mm 

[WOtqil 8] ««JtlcEB;i-*ifc«Btt«£» IS* 

©iiiJiTSoi, sb±kbbi£R«?i$j$?sxs 

roBttlt±KK£4>aS*1EOT«*m**r« 

r*ji±ictt?*a»E«-r*xat» tat?*-*** 

[IWtill 1 9] Weaft©tt^H:SlMc*MlLTE« 
^+l^.C<!:*1ta<t:-r^i«3?3l1 8 lc!Bi£<Dffi?fi*aiiit 
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[000 1] 
[0 0 0 2] 

[&3fc©««j] SBUStLI 06v/cmJi(±©3im» 

*^tT*M«iH^6fi?*ttm*-e-*«isittasa (f 
[0003] f Esm^mmm^omt lti*. 

OX #J*.l£ C. A. Spindt, " Physical 

Properties of thin— film 
field emissioncathodes wi 
th molybdenum cones", J. Ap 
pi. Phys. . 4 7, 5248 (1976) mizffl 

> hmmTntam^fom^m^m 1 ncL<»-ro m 1 
icfci^T. UiS«. 2ii-y-hm@s 3tt*jv-KB 

m. 4izmmm. 1 i 5 tix = 1 1 6i*n@. i 

IS'^-I 1 5lcStLTIECDSff=&EPSll-r5<l:. jfcft 
IfczJftlfcXS •;/•$( -1 1 5<D5feSSlca^tp6^CU. 

ffi?^fisai jus <b ^-5 ^ 0 

[0 0 0 4] ZrOttKDtnmt LT. X5-y*-lC*l-# 

HIf9- 2 2 1 3 0 g^iifB^^HcF^^tiTt^o 
11 2 UlgVT <£ 3 U:, *-/1t>±y^a-^X= y^lC 

[0 0 0 5] $/c. »-^>^-y^a-^*i?Lrtlcm 
J^LfcS^COflJtf^WI 0-1212 4«£Sft>« 
^200 0-862 1 6^|glCF^^tlTt^ 0 H 

1 3 IC&M 2000-86216 *45«Ott? ttfiB*? 

<> 

[0 0 0 6] 

[^>b^>*L<fc3£-t£l$§I] S%3fc£!iS«iia;$B 
^<Dil®H5J5£^§^l±. C R T4)J;d&;si*ilt£if 



[0 0 0 7] J$ll@CD3Nii£#|jgL&tf 
[0 0 0 8] *-/1?>t/fi-7*f©»-/f>7?'r 

wa&fcy, x«&KauftBBr3*#Rrflr?&3. *e 

[0009] *-^>-^-y^3.-^©*-/i?>7y"r 
x/WxwmScDffiBKiES?"*:^;!:* T 7 — 

3*>x*/U:p-tf-i»0!)Mtt*«lc<): y*ttf IC*ju ft 

[0010] ti—tf>-f-s?-n.—7~&<Dj3-#>7 7"( 

[0 0 1 1] S£5R<D*-^>-7 7"ry^-<7)Sit73aT' 

l < ear & *#bie?& y , *-#>77-f^-flf 

fi*i9^*<*JfflTSC£tfBll , ?»ofc. «E3fc®75 

[0 0 12] *-#>77"f/«-*BiflaBflEaBOli? 
ttSBSS^t LTctySfiSlcffl^^tcti, S-#>77-f 

[0 0 13] ±K<D<fc 3 

Bx atf«?ttaj*? ©HJ6*a*ii«r * c t ic jfe 

[0 0 14] 
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<D&*b\ iiulB^ 1 ffi^KHlMcFtSPi^B^TIHB? 

[0 0 15] *^0)m?l5StiJ^?lCfc^T^ bOIE^ 
LIS 

[0 0 16] tffc, ftER&li. 

/ wpsajwsnfcfc©?****^* lis 
[oow] H5ia^ii, »— #>77"r/<-a>js 

IS 

[0 0 1 8] $fcs S0bB««x Fe> Nk 

Co. Rh, Pd, P 1 #S»R*ftfc**»*±JS#£ 

-r&cttfjffSLts 

[0019] a&Horesii. «?tttux?«mk 
a. is»LTa*«?asT*-3T. R*?ttttiJR?tf± 

[0 0 2 0] *fglE<Z>ffi®HM£Bl*. ±EB?li&. 
[002 1] *58*<JO«?iSajR?©iaiS*S6©«— 

[0 0 2 2] *a«B©«?iSUHl6?«D«ift*a©»-lC 
ts 

[0 0 2 3] $/c, suiBS^Jb^ v"J^)^±)5)t»<h-r^ 
Lis 

[0 0 2 4] g=fc» BilBtt^-^X^tLT. aulBE* 
i v * > 4fT*lS*fc ffiEtt?* HPS ic lyfv^L 
TPS*TSIS-p*S*tf »S LIS 

[0 0 2 5] 3:fc* ffiBBBi^fttlBSKOVa^tORaikX 



LLS 

[0 0 2 6] miB*-#>*±J5K»d:r*S8jB* 

j: y »gj*-r*is**tr»##* lis 

[0 0 2 7] fTfc. Sa8Ba-<K>*±«#£*-*g8B 
77-Ch77'TA- 7 ; E;l'777A-<t?>77'r/\* 
7 : E>K77'f/ {-©ivJMlfiW 6 & 5 d t L 

IS 

[0 0 2 8] *56iSO«?tta*?©IBfi*a©*^ 

* <£ 3 (cezirc *ifca-#y*±«»t-r* 

lit, Btt«o>jSA««i»r«4ym««-r«ji«]9TSB 
(Dmmzj^--><fT^>x.mt. ka^-z>^h 

k * y m amtticv \°2 -x v^f snfc MIB^^^fiEM^ 
[0 0 2 9] *aw<o«?ttttJiRT<o«»*rS60!)JB= 

M±icK]iE0!)jca*iEar«*m«*r«ji*«icr« 

K&fti LTIBB*ti*iI £##3: Lis 

[0030] *aH0tt?tttt]jtCT(D»i&£;£4>se9 
£-t* 0 

[003 1 ] 

[SSIECDHjfcOJfcSg] WTlcHffi**fHLT» *^<D 
»iS«:*tt©IB8S©-«*«l3RWic»L<lftWr*. 
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[0 0 3 2] ST. *^<O^Tfe^®?tttt5*?0D 

[0 0 3 3] *58W(C33^T. r»-#>«±a»tT 

(l/77X*-<K>77-</K 2"-f7' : E> K7 7"f/t- 

(«TC VDirlBa!) »<H«JSWJ. *SICC 
VD^tcii. acvDii, 77X7i>n>7CVDS 

[0 0 3 4] AUitttfc?«ttd:Ln:CVDacM:. ««Hfe 
GBaMb^tt) *fZ4>NMHPtU:« 8«±lcSg1 0~ 
3 0 n m^-fT^ Ktt©MWtW»/j«»ar*i:. * 
1 ««*#-Stt£t\ * C 6 * - #> 7 t 

So 

[0 0 3 5] *$M3?tt. ±fB8Stf®*m£7 , -<5>> Ktt 

[0 0 3 6] H4(t, »««»©/^->*ia— 14JB< 

BttWSS^X^flWfrSJt.TVFSEk HM-btiKffi 
@7'$S. 04tctJt->Tx 3liPilimfil (2jV-K« 
a) > 6(itt*g*m«$&B (MJfttKB) . Stfsii 

[0037] *^icj:tx«\ MKtta*dc>M±ic? 

©■iWlfkr* (#*J*ti*) . *Stc«»W»©*« 
(5]±©fizM (^ttl^0>>f><i>H£Rtd) li, fulBitSf 

©fit^ mm*'*?) *?icE«LfcJa^ 

««tt»*£fcJB) EttOHB!* d = 2rt LT#JWT? 

BUM d*ff«lc|9S-r 
[0 0 3 8] C©75^C«fey. M^ftQ«K£J9ra4)ffi 



[0 0 3 9] BeSHb^lSZfXfc LTii#"J^«'x^ 

7°P/\'>, 7QfUX 7 7 -b^U>^^<DBt<b 

mnmnzm^z z. 1 1 

[0 0 4 0] CtlSCDlSlCfcl^T. 777TO5i:l« 
-*^-ttK<«JB*JW3fii<RriBia*. ttffittf*B6£ 

*7Bj *AnTtiL\ ttS^ftaaSHi. flJB;** 

[0 04 1] ±IBro<t7^l8lC<fcU, »-*>7 7-l' 
«fcoTfl>*cD7 7"r/^-©fiftais^<6;gELo 

iS-tc«/J^b-r*lSW:» i!5S© U <-7p 
[0 0 4 2] WTIC, *%«©S?tttiJJR?©£(j&£;£ 

®--«*swi*-*. 

[0 0 4 3] 44MSa>Wt3&3£#«%^ft«*?tttU* 

2 ic^-r„ in 2 - a ttttmvmmc 
m^n^&Lmm^-ai^mm. n2-bf*ni2-aic*5tt 

[0 0 4 4] H2lCfi^T1tt»«» 2(i?|tUL^fil 

(f-H® > 3iiPmm8i (*y-K«D x 41* 
B) x 7«x>y5 L >^'*aiftiJ-r5fc46<DBTfeS 

[0 0 4 5] Hi lc*HS6c7)ffJ^c7)m?«iai^?c7)iSjt 

So 

[0 0 4 6] ^46, ^-<0^®^+5JU:s5t;#Lrcv 
^X^CD. ten 1£Sffi«SS 1 £ U StS1±lCiSfil® 
S3. l7fV^h77l7M, ft4«tt^*^t.-B 
6£«B-t£ (HI - a) o 

[0 0 4 7] I^ffittffi3. X7f>'7'7h77i7S 

z>\ M^a?4B num«i*dtifl) mma. x 
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[0048] mmnmsitmm&^LTtsv. 
it. mm. &m. &mv>mtffa. &mo>m\M. &m<» 

[0 0 4 9] l7f>^Zh7yi7(tl«m, &a?<*> 

fflx.it. mm. &m. smomitsin. &m<DmitVD. £ 
loo so) mt&tmm 6 <D£.tmit. n\. co. f 

e, Cr, Rh. Pt, Pd, Y, La, CefrSjIHR 
;Jr*lfc'J>& < tt> 1 «Ji(±<DS:JH&tJ\ C*lS£S©;I 

[00 5 1] *|c, ftiS»l4^6±lc. TX*tt!f4 5£ 
fl&ST* (01 -b) o ^^^«*45»i7.tf>n-h 

mm&Wi. 7th'jy^7^ -ate K «fc y n 

[0 0 5 2] ^X<7«?4 5<!:LTia^fflU>^il^i, 

* i j/fjM^7 | ji/-h (p mm a) wommwDom 

:>y £^7^1/5 ±^<D^W<D&^£m^. $ 
fc. 7* hyv^7*-te<fcy/<*-x>?'L7j:*f«8 

xus?xk 7'-<7>Ktticjfj^L/cs mm. &m. & 

iLm^CttfT?^ «Ck<Dttffi«K609ajSI|iJ0 

T'2d%>„ mx «-> y * o»Ktt?<D7k»;&« x tr> => - 

[0053] ■?7.?/i?->mttcDffim wtKt&wm 
simm it. m.+nmt^m+ijm<Dmmt,^m's.m 

[0054] xiz. ^7.^an5^x<7tLz. mm 

Wl6^l7f>7"t5Ii^7? (Hl-c) „ * 
x->^>^'l=Sli^:*< 2o<7)M°^->lc^*ti^. 
1) ^7.^«l45i:±tli:ft4{K«^S6^x>>^>^LT 
t^<^„ 2) ^X^«?4 51CS4LT. Mffi*mj|6« 

[0 0 5 5] Xy^>-7"73^<tLTli. x-y^V^jglc 



J:57i7 H7f>7\ X->^><7'*X(C«fc^ K5-r 
jlvTI*"?. S«S14'T*>lcJ:^'ir5*;UK^'rx^5 : 
Eii14©Sx^.;U^ — r*>lcd:^7-< v?*;U K 
7-fl7f>7*fif)^6^ ^X-7«f45. ftHRtTO 

I6« Rtfx->^>?xh*7/f 7£fciiiifiimfii3tt 

[0 0 5 6] *XglC<tytt«^@6^Xy^>-7-L 
T^<i:. ^7.-7«*45(DJfJ«(cSSLT. vM^VK 

[0 0 5 7] *x-y^v7X^Tli. M^6±lCy-7. 
^«»5fl««Sit^fl«** «W?U#±IB2) <D7J5£ 

y<fiz& y ^i^ijdx. 6h5„ 

[0 0 5 8] ^(C, ±E«@«iI©-g|Jl^ 
0-'?l$tiiLSfi§ (y-hS® 2£ff$Err* (^11- 

d) „ a&ssjf 4&tf3i*ajLs*i2i±, mmm. 
wic«fcym^*+i*o 

[0 0 5 9] *6!Siil4^ttif4i:LTli, iStt#U:*feiL6 
[0 0 6 0] ?l*tHLme2lCli^mi±^^LT^» 

ifttfiiHiiiiK**!*, ?\*iiiL'm®2<DmztLTit. 
m. &m. &&<omiVto. &f£<z>mvm<DMm\£*mtf 

[00 6 1] mz. ^{±5LTt^^^6^^<hLT 

iz. t>-^>yT-fj^-8^:Wimr^> mi-e) „ 

[0 0 6 2] tS-7^>y-F^l^-8\t. CVDICJ;^)^ 

mm l Tmm? %><, fl-*>7?^/\*-8 <nmmt c v 

[0 0 6 3] fS. *^lCfcH+^*-<}f>7 7'-<M"-i: 

^i^tf 3$s*«ftijcj mts. ^fc, »-<tt> 

^T'-r/^-^SfiE'r^WP.hLTli. TIC. ZrC. 
HfC. TaC> S i C. W C WomitVll. T'ElOyy 

[0 0 6 4] MSI* ffl^TfWHS7*»fB LT!±i3ft?, 

s&isijic^ssismu^u (~1 OOOfg) -?M.z.2>m 
m. nwtm&n^mmm (sem) (~3^ 

fg) TftS.*»«. eflPJttSiSm^SSIS (TEM) u 
(~1 0 075fg) T'm^.^.*-*>(Dm^^iC6<J 



(7) 



*#F*32 002-2 89 08 6 



[0065] ms icTjktmiz. 9=? 7 1 >tmm&at 

(RMff5*^»«^U:&oTl^t£H*^l>?- -7*-;l/ 

±y=f-n.-yt pf tfn, n iz* d. -ymn^mni ait 
[0066] ij-#>j-;*n.-7'tmmic 

[0 0 6 7] 1J-#>i-S : Fn.-7't<f : 77-7'( \~TS 

[0 0 6 8] £5S©*-;J?>77-f/t-<fc«?ttm<D 
■fltf 1 V~1 0V/(jmlHT-$»J, *§8R8©®?tt 

[0 0 6 9] IttitLTtiFe, C ot £ £tft>-#>i- 

[0 0 7 0] ftlZ. P d. N i [Cfc^Tttffia (4 5 0 

^Cli^pItfeTfe^o Fe, Co, =&fflt^fc*-^>^- 
y ^ a - ^©^igatt 8 0 0 XS(±&Kft C i: «=> , 
Pd. N i^T£D^777-<ht/77</^-W 

[007 1] J-XTCWI^SlcS^, *5g^*®fflpJffi 

BI8*flil/>TtJMirr*o I38U:331/>T* 8 1 ttfTfiga 
(*» 8 2l*X73lRjBB&g, 8 SltY^lRjiBSgT^^o 84 

wt&norefktiiflE?* 8 5 -5= 

[0 0 7 2] m*(DX7D[Rli3^8 2 t*, DXi, D 

x 2 . . . DXjissu, xfflK«ac. wmm. 7/^ 
ftT^Zo mwt(DttH. mm. frit. assitarti*. 

Y73rS|Se^8 3li, DY1, DY2. . DY n Wn*WiB 

»«fcuay. x*fiii3»8 2i:ra«icjB«*n*. £ft 

6m*(DX73lp)i5^8 2 t n*<D Y7dIp|1EI88 3 t<0?& 

izit. ^mmwmrsmmmtrmtfznT&v. mmzn 

m^llc^gf LTt^ (m. nit, &lzlEO)m$S0 . 
[0 0 7 3] ^0^<7)JlH*6jfJgtt. EP»J 

*tl*. 0J*.l*\ X£fiE1t8 2*»J«L7£«?aS«* 

8 1 o^nncii-aticmaoj&KTffiA^ti. 8k. x 

7?|plSB^8 2 <t Y^fpJl2!S«8 3 a)52MgPa)SfiiMlCiiS^ 



73l^iB^8 2 <t Y73lp)iH^8 3 It. *tl?tl9\-&t%?£ 

[0 0 7 4] *?ttUIilS?8 4 

lis m*(DX^|Rlie*g8 2«!:n*c7)Y73lR]iB 
118 3&mtt&j^fr5tt«|^8 SlcjcoTVAft 

[0 0 7 5] X*filB!«8 2tY3&filB»8 3*«|fiE-r 

**hbu *at8 5*«u«r*tt»atf-»t7)iif?«as' 
mmtzttmt. ?<Dmm7im<D— ^^a.^um 

sizit, m^mmicmmLrcM&mtm^mmt^oct 

[0 0 7 6] X7?|n)ia3§.8 2KI*. XTaieHCgBSULfcS 
?fi5ftii^8 4£D^ : £StRT^7c46c7)^S<l^En}lQ-r 

*^H^©j£a«^BPin#afl«jaii*ti*. — Y7j 

fpJlB^8 3lC(i. Y^|SliCiB5iJL/cm ; ?ttm* : ?8 4t7) 
[0 0 7 7] ±l3WfiRl=fet"»Tti» HUGO:? MJ 

[0078] crojc-ssmWThy^xiBStDS?^ 
-r*iiCiHTifey. E9 leasts 8 ma^au*?* 

mkBL^«?SSflC 9 1 tt«?jsai(*8 1*HSL 

9 4,t^^l//W79 5«it«B^Jtlft7i-X7b- 
hT3o^o 9 21*, 3a*»T?3Bya3£»»9 2(!:tt» 'J 
77U-h9K 7i-77l/-h9 6tf7'j7hfl7 
X**fflfTffiBSa-hT^S„ ^H§59 71*, ffllxtf* 
Slf, S^35^>tS*. StRtfT. 4 0 0~5 0 0^t7) 
-atSH?1 0#Jet±JS!J*T3C«t?* itSLT«J3E5- 

[0 0 7 9] ^1^9 7(1 ±3?CD5Q<, 7i-77U 
-h96, 3^}f^9 2, y7*yu-h9 1T««*n 

IJ77L/- h 9 1 l*£lcW?3£8f*8 1 <75?i)g^*i 
»T*BWPSJt6n*fc». ffi?;SSt*:8 1 S(*T+ 
»^5S)S^t#^lS^»*g'Jit©y 77U- h 9 1 l*^t 

9 2^i*SL, 7i-X7l/-h9 6. 3E*S»9 
m?;JiStt8 1 WHS9 7S««LTt.ai.>. -Ta. 
7i-77L/-t-9 6> >)77\s-\-9 1 F^lc, 7.^- 
+f- 1 <fc «tl«^Bmt53SJt«:*IMir * C <!: IC «fe y . 

*aEi=»LT-i-»*affl*«to>i.H«9 7*«j«rs 
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[0080] *nmv>Bm(DMmm!&wii.. xutfv ? 

[00 8 1] 

[0082] <su&#j 1 >m 1 ic^nsg^jros^fiimm 

[00 83] (Ig 1 ) S45 1 +» 
imZ'fi^tcm. B4HBS3 t LTJf * 5 n m©T i R 
lfIJ5 0nm©Pt> i7f>^h77l7tLT 
1 0 n mcDT i &0\ fi4&***4Jl 6 <h 2 0 

nm(DPd^ *;£U: <fc yjIgSftlCScg^frfc^ 

fc (H 1 - a ) . 

[0 0 8 4] (IS2) Ifg 1 (DffiSflE^lC, 

->U*£D^tt?»*a? (EI2 0 0nm) 55wt%ft; 
7ki§>S^Xf>=l-htcJ:U5JSilU 1 2 0°CT2 0# 
ISiLT. 7^TO5tLT, I12 0 0nm©IS 
S.taitM'^fe (H1-b) , 

[0 0 8 5] (IS 3) :*IC V ^X**m5©±frS« 
Jff*€\ A r -<^">ti-AX^^>^tC<t 

77^*m50Bitfa'i>LT^<. I7f>^h7 

ya 7 ±o«««»h 6 ^ 5 ©rat^bicf* 

5 #%&icftftr«$?x? ftt&tt 
Sfrb&^eClltffcif 2 0 nmgt&oftRliT- 

-tic* flE$»lfte#2 0 nmS^)f54!S^6^l?^:P^Pi 

©*/C>$T*WSgS5l(* 2 0 0 n mT&^fc (H1 - c ) 0 
[0086] (114) :^ic, x* HJ y*77^-(i: 
<k y, ^im?* h h (r d 2 o o o/mmi&it 

SI) =&S^TfSM(*±(CU->X h/\"-S?->^ffJE)6Ls * 
cO±frSXM*>y$;£(;:<fcy, $6iSSJl4<!:LT(l?1 M™ 
COS i 0 2 , 5ltliLmtl2<i:LTIl* 3 0 nmCDTafc 

(HI -d) „ 

[0 0 8 7] (IS5) m^T. mm^iWLfcO. 1% 
x^U>«-at«t>T , 5 0 0t, 1 0^J)D?!ft5aSi^LT, 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an electron emitting element having 
high current densitya long life and a simple manufacturing method such 
that emission points per unit area are increased by regulating the 
density of carbon fibers. 

SOLUTION: An electron emitting element has a first electrode 3 on a 
substrate la second electrode 2 applying higher electric potential to 
the first electrode 3and a plurality of projections 8 on the first 
electrode 3. In the electron emitting elementthe plurality of 
projections 8 formed on the first electrode 3 are respectively grown 
from a lump 6 as a core arranged on the first electrode 3 at an interval 
each other. 



CLAIMS 



[Claim (s) ] 

[Claim l]It is the first electrode on a substrate. 

The second electrode that is arranged near this first electrode and 
impresses high potential to this first electrode. 



A projection of plurality [ top / said / first electrode ]. 
It is the electron emission element provided with the aboveand each of 
two or more projections formed on said first electrode is characterized 
by growing up considering each of two or more lumps which kept an 
interval mutually on said 1st electrodeand have been stationed as a core. 

[Claim 2]The electron emission element according to claim lwherein said 
projection is a high projection of an aspect ratio which used carbon as 
the main ingredients. 

[Claim 3] At least said projection A carbon fibera carbon nanotubeThe 
electron emission element according to claim 1 or 2 choosing from a 
graphite fiberan amorphous carbon fiberdiamond like carbona diamondand a 
diamond fiber. 

[Claim 4]The electron emission element according to any one of claims 1 
to 3wherein said lump is a conductive material which has a catalyst 
function which promotes growth of a carbon fiber. 

[Claim 5]The electron emission element according to claim 4wherein said 
conductive material is metal. 

[Claim 6]The electron emission element according to any one of claims 1 
to 5wherein said lump uses as the main ingredients material chosen from 
carbonFenickelCoRhPdand Pt. 

[Claim 7]An electron sourcewherein it is an electron source which 
connects two or more electron emission elements and this electron 
emission element is the electron emission element according to any one 
of claims 1 to 6. 

[Claim 8]An image forming device comprising". 
The electron source according to claim 7. 

An image formation member which forms a picture with an electron emitted 
from this electron source. 

[Claim 9]A manufacturing method of an electron emission element which 

has the first and the second electrode characterized by comprising the 

followingand two or more projections which use as the main ingredients 

carbon arranged on this first electrode. 

A process of forming the first and the second electrode. 

A process of forming a film containing material which makes growth of 

carbon promote on said first electrode. 

A process of dividing said film into two or more fields. 

A process into which a projection which uses carbon as the main 

ingredients is grown up from said divided field. 



[Claim 10]A manufacturing method of the electron emission element 
according to claim 9wherein a process of dividing said film into two or 
more fields includes a process of putting two or more particles in order 
and etching said film by using these particles as a mask on said film. 
[Claim 11]A manufacturing method of the electron emission element 
according to claim 10 arranging so that said particle may contact 
mutually. 

[Claim 12]A manufacturing method of the electron emission element 
according to claim 10 or llwherein said particle uses silica as the main 
ingredients. 

[Claim 13] A manufacturing method of the electron emission element 
according to any one of claims 10 to 12wherein a process of etching said 
film by using said particle as a mask is a process of etching said 
particle simultaneously and removing it. 

[Claim 14] It is a manufacturing method of an electron emission element 
to a statement in either of claims 9 thru/or 13 having further the 
process of arranging a layer which controls etching between said film 
and said 1st electrode. 

[Claim 15]A manufacturing method of the electron emission element 
according to any one of claims 9 to 14wherein a process of forming a 
projection which uses said carbon as the main ingredients includes a 
process formed with vapor phase growth by using carbon compound gas as a 
raw material. 

[Claim 16]A projection used as the main ingredients said carbon A carbon 
fibera carbon nanotubeA manufacturing method of the electron emission 
element according to any one of claims 9 to 15 consisting of diamond a 
graphite fiberan amorphous carbon fiberdiamond like carbona diamondor a 
fiber. 

[Claim 17]A manufacturing method of an electron emission element which 
has a conductive film characterized by comprising the following arranged 
on a substrateand two or more fibers which use as the main ingredients 
carbon arranged so that it may electrically connect with this conductive 
film. 

A process of forming a conductive film on a substrate. 

A process of forming a layer which has the material which promotes 

carbonaceous growth on this conductive film. 

A process of patterning a layer which has the material which promotes 
growth of this carbon after desired shape. 

A process of forming a fiber which uses carbon as the main ingredients 
in a layer which has the material which promotes growth of said carbon 
patterned after desired shape by this pattern process. 



[Claim 18]A manufacturing method of an electron emission element which 
has a conductive film characterized by comprising the following arranged 
on a substrateand two or more fibers which use as the main ingredients 
carbon arranged so that it may electrically connect with this conductive 
film. 

A process of forming a conductive film on a substrate. 

A process of forming a layer which has the material which promotes 

carbonaceous growth on this conductive film. 

A process of arranging two or more particles on a layer which has the 
material which promotes growth of this carbon. 

By etching a layer which has the material which promotes growth of this 
carbon by using these particles as a maskA process of forming a fiber 
which uses carbon as the main ingredients on a layer which has the 
material which promotes growth of a process of patterning a layer which 
has the material which promotes growth of this carbon after desired 
shapeand said carbon patterned after this desired shape. 

[Claim 19] A manufacturing method of the electron emission element 
according to claim 18wherein said two or more particles contact mutually 
and are arranged. 

[Claim 20]A conductive film arranged on a substrate. 

Two or more fibers which use as the main ingredients carbon arranged so 
that it may electrically connect with this conductive film. 
A process of being a manufacturing method of an electron emission 
element provided with the aboveand forming a conductive film on a 
substratelt has the process of forming a fiber which uses carbon as the 
main ingredients on [ each ] a layer which has the material which 
promotes growth of pluralitya process which is estranged mutually and 
formedand carbon of this plurality for a layer which has the material 
which promotes carbonaceous growth on this conductive film. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invent ion]This invention relates to an electron emission 
elementthe electron source which used thisan image forming deviceand the 
manufacturing method of an electron emission element. 



[0002] 

[Description of the Prior Art]The field emission type (FE type) electron 
emission element to which apply the strong electric field more than 10 
6 V/cm to metaland electrons are made to emit from a surface of metal 
attracts attention. 

[0003] What made the shape of the cone or the pyramid in the 
substantially vertical direction from the substrate as an example of FE 
type electron emission elementFor exampleC. A. Spindt and "Physical. 
Properties of thin-film field emissioncathodes with molybdenum cones" 
and the thing (following Spindt type) indicated by J. Appl. Phys. 475248 
(1976) etc. are known. The mimetic diagram of the Spindt type electron 
emission element is shown in drawing 11 . in drawing 11 — 1 — as for an 
insulating layer and 115a gate electrode and 3 are [ the anode and 117 ] 
the shape of beam an emitter and 116 a cathode terminal and 4 a 
substrate and 2. If positive voltage is impressed to the gate electrode 
2 to the emitter 115electric field concentrates will happen at the tip 
of the radicalized emitter 115and electrons will be emitted by the 
principle of operation. 

[0004] As other structureswhat used carbon fiber ssuch as a carbon 
nanotubefor the emitter is indicated by JP9-221309A etc. The suitable 
electropositive potential for an extraction electrode is givenand 
electron emission is made to perform to a carbon nanotube emitteras 
shown in drawing 12 . 

[0005] The example of the electron source in which the carbon nanotube 
was formed in fine pores is indicated by JP10-12124A and JP2000-86216A. 
The electron emission element of JP2000-86216A is shown in drawing 13 . 
[0006] 

[Problem (s) to be Solved by the Invention] Image forming devicessuch as a 
spontaneous light type image display deviceare required to obtain high- 
intensity [ like CRT ]. The fall of driver voltage and increase of the 
amount of emission electron from a cold cathode emitter are demanded for 
reduction of power consumption. There is still less current amount 
distribution for every pixeland the electron emission stable for a long 
time and luminescence of a fluorescent substance are needed. 
[0007] In order to continue obtaining high-intensity for a long 
timetaking into consideration the life of a fluorescent substance and 
cold cathodethe cold cathode number per unit area is increasedand the 
emission current from each cold cathode must be reduced. In order to 
fall driver voltagea radicalized structure like a Spindt type tip must 
be established so that electric field concentrates may happen easily. 
[0008] It is easy to concentrate an electric field with a high aspect 



ratiocarbon fibers (fiber which uses carbon as the main ingredients) such 
as a carbon nanotubecan make electron emission perform by the low 
voltageand each shape is detailedand they can carry out accumulation 
arrangement with high density per unit area. It is the material which 
also has the advantage that it can manufacture cheaply covering a large 
area with vapor phase growth etc. and was suitable as cold cathodesuch as 
an image forming device. 

[0009] The method of arranging carbon fiberssuch as a carbon nanotubein 
the position of a request of a deviceAfter refining the carbon nanotube 
produced with arc discharge process and a laser ablation methodThere are 
a method of mixing and applying to a paste and a method of forming a 
catalyst metal thin film on a substratechanging into particles by heat 
treatmentthe exposure of an energy beametc. and growing up a carbon fiber 
by using catalyst particles as a core by supplying and heating material 
gas. 

[0010] When manufacturing carbon fiberssuch as a carbon nanotubeas cold 
cathode of an image forming devicea problem occurs here. 
[0011] it is difficult to set a moderate interval and to arrange a carbon 
fiber regularly in the manufacturing method of the conventional carbon 
fiber — the density of a carbon fiber — homogeneity — it was difficult 
to control highly. It is difficult for the integration density of a 
carbon fiber to be high and to apply an electric field to each fiber 
uniformly in the electron emission element using the carbon fiber 
produced by the conventional method. For this reasonincrease of the 
voltage impressed in order to obtain required current density was 
causedand the tendency little density of an electron emission point to 
be was considering the integration density of a fiber. 
[0012] In order to use a carbon fiber more suitably as an electron 
emission element of an image forming deviceThe integration density of a 
carbon fiber is controlled and it is considered as structure where an 
electric field is fully applied to each fiberand it is necessary to make 
the current density per pixel increaseincreasing an electron emission 
point and reducing the amount of emission electron from each fiber. 
[0013] The place which it was made in order that this invention might 
solve the above technical problemsand is made into the purposeControl 
the density of a carbon fiberthe discharge point per unit area is made 
to increaseand there is current density in providing the electron 
sourcethe image forming deviceand the manufacturing method of an 
electron emission element using a high electron emission element with 
simple long life and manufacturing methodand this. 
[0014] 



[Means for Solving the ProblemjNamelythe second electrode that an 
electron emission element of this invention is arranged near the first 
electrode and this first electrode on a substrateand impresses high 
potential to this first electrodelt is an electron emission element 
which has two or more projections on said first electrodeand each of two 
or more projections formed on said first electrode is characterized by 
growing up considering each of two or more lumps which kept an interval 
mutually on said 1st electrodeand have been stationed as a core. 
[0015]As for said projectionin an electron emission element of this 
inventionit is preferred that it is a high projection of an aspect ratio 
which used carbon as the main ingredients. 

[0016]As for said projectionit is preferred to be chosen from a carbon 
fibera carbon nanotubea graphite fiberan amorphous carbon fiberdiamond 
like carbona diamondand a diamond fiber at least. 

[0017]As for said lumpit is preferred that it is a conductive material 
which has a catalyst function which promotes growth of a carbon 
fiberandas for said conductive materialit is more preferred that it is 
metal. 

[0018]As for said lumpit is preferred to use as the main ingredients 
material chosen from carbonFenickelCoRhPdand Pt. 

[0019]An electron source of this invention is an electron source which 
connects two or more electron emission elementsand is characterized by 
this electron emission element being the above-mentioned electron 
emission element. 

[0020] This invention is characterized by an image forming device 

comprising the following. 

The above-mentioned electron source. 

An image formation member which forms a picture with an electron emitted 
from this electron source. 

[0021] Two or more projections which use as the main ingredients carbon 
arranged on the first and the second electrodeand this first electrode 
the first of a manufacturing method of an electron emission element of 
this inventionA process of being a manufacturing method of an electron 
emission element which ****and forming the first and the second 
electrodelt is characterized by having a process of forming a film 
containing material which makes growth of carbon promote on said first 
electrodea process of dividing said film into two or more fieldsand a 
process into which a projection which uses carbon as the main 
ingredients from said divided field is grown up. 

[0022] It is preferred that a process of dividing said film into two or 



more fields includes a process of putting two or more particles in order 

and etching said film by using these particles as a mask on said 

film[ in the first place / of a manufacturing method of an electron 

emission element of this invention ]and it is more preferred to be 

arranged so that said particle may contact mutually. 

[0023] It is preferred that said particle uses silica as the main 

ingredients. 

[0024] It is preferred that a process of etching said film by using said 
particle as a mask is a process of etching said particle simultaneously 
and removing it. 

[0025] It is preferred to have further the process of arranging a layer 

which controls etching between said film and said 1st electrode. 

[0026] It is preferred that a process of forming a projection which uses 

said carbon as the main ingredients includes a process formed with vapor 

phase growth by using carbon compound gas as a raw material. 

[0027] It is preferred that a projection which uses said carbon as the 

main ingredients consists of diamond a carbon fibera carbon nanotubea 

graphite fiberan amorphous carbon fiberdiamond like carbona diamondor a 

fiber. 

[0028] It has the second following of a manufacturing method of an 
electron emission element of this invention. 
A conductive film arranged on a substrate. 

A process of being a manufacturing method of an electron emission 
element which has two or more fibers which use arranged carbon as the 
main ingredients as it electrically connects with this conductive 
filmand forming a conductive film on a substrate. 

A process of forming a layer which has the material which promotes 
carbonaceous growth on this conductive filmA process of forming a fiber 
which uses carbon as the main ingredients in a layer which has the 
material which promotes growth of a process of patterning a layer which 
has the material which promotes growth of this carbon after desired 
shapeand said carbon patterned after desired shape by this pattern 
process. 

[0029]A conductive film in which the third of a manufacturing method of 
an electron emission element of this invention has been arranged on a 
substrateA process of being a manufacturing method of an electron 
emission element which has two or more fibers which use arranged carbon 
as the main ingredients as it electrically connects with this conductive 
filmand forming a conductive film on a substrateA process of forming a 
layer which has the material which promotes carbonaceous growth on this 



conductive filmA process of arranging two or more particles on a layer 
which has the material which promotes growth of this carbonand by 
etching a layer which has the material which promotes growth of this 
carbon by using these particles as a maskA process of patterning a layer 
which has the material which promotes growth of this carbon after 
desired shapelt is characterized by having the process of forming a 
fiber which uses carbon as the main ingredients on a layer which has the 
material which promotes growth of said carbon patterned after this 
desired shapeandas for said two or more particlesit is preferred to 
contact mutually and to be arranged. 

[0030] It has the fourth following of a manufacturing method of an 
electron emission element of this invention. 
A conductive film arranged on a substrate. 

A process of being a manufacturing method of an electron emission 
element which has two or more fibers which use arranged carbon as the 
main ingredients as it electrically connects with this conductive 
filmand forming a conductive film on a substrate. 

A process of forming a fiber which uses carbon as the main ingredients 
on [ each ] a layer which has the material which promotes growth of 
pluralitya process which is estranged mutually and formedand carbon of 
this plurality for a layer which has the material which promotes 
carbonaceous growth on this conductive film. 

[0031] 

[Embodiment of the Invention] With reference to drawingsan example of the 
suitable embodiment of this invention is explained in detail in 
illustration below. Howeverthe size of the component parts indicated to 
this embodimentconstruction materialshapeits relative conf igurationetc. 
are not the things of the meaning which limits the scope of this 
invention only to itas long as there is no specific statement in 
particular. 

[0032]Firstshape equalization and density control management of a 
projection of the electron emission element which is the feature of this 
invention are explained below. 

[0033] In this inventionthe fiber which uses carbon as the main 
ingredientsor a "carbon fiber" contains a carbon nanotubegraphite 
f iberamorphous carbon fiberand diamond fiber. As a synthesizing method 
of the fiber which uses carbon as the main ingredientsarc discharge 
processa laser vaporization methoda chemical-vapor-deposition method 
(the following CVD and description) etc. are typicaland there are a heat 
CVD method and a plasma enhancing CVD method as CVD method further. As a 



means to carry a carbon fiber in electron devicessuch as an electron 
emission elementas the negative polesince selective growth is 
possiblethe CVD method which used catalyst particles as the core is 
suitable. 

[0034] If the catalyst material of the shape of an island about 10-30 nm 
in diameter exists on a substrate at the time of the pyrolysis of 
organic matter (carbon compounds) gasthe catalyst material and organic 
matter will melt togetherandas for the CVD method which used catalyst 
particles as the corea carbon fiber will grow from there. For this 
reasonif the catalyst particle is arranged at the desired placeit is 
possible to arrange a carbon fiber selectively to that field. Thereforea 
"catalyst" is a material which promotes carbonaceous (carbon) growth. 
[0035] The above-mentioned catalyst material is made into the shape of an 
island in this invention (it divides). As a concrete exampleas shown in 
drawing 4 it carries out by etching a catalyst material film by using 
particles as a mask. 

[0036] drawing 4 — the pattern of a catalyst material — homogeneity — 
it is a schematic diagram of the process arranged highlyand top view and 
drawing 4 ~b as which drawing 4 -a regarded the surface of these layered 
products from the mask side is a sectional view. In drawing 4 the layer 
(catalyst material layer) in which 3 contains a cathode electrode 
(cathode terminal) inand 6 includes a catalyst materialand 5 are mask 
materialsand they are particles in this example. 

[0037] According to this inventionif two or more particles used as a mask 
are arranged and the catalyst material concerned is etched on the film 
containing a catalyst mater ialthe film of the catalyst material 
corresponding to the early mask central part will lump-ize (divided). 
Furthermorewhen it has arranged so that said two or more particles 
(initial mask) may be contactedthe position (a catalyst material lump' s 
center-to-center dimension d) of each lumps of a catalyst material is 
prescribed by the twice of the initial mask radius rand can control each 
lumps' (layer containing the divided catalyst material) interval as d=2r. 
Furthermoresince it is selectablethe initial mask radius r can set up 
the interval d arbitrarily. 

[0038]By this methodafter forming the lump of a catalyst material in a 
desired positionthe fiber which uses carbon as the main ingredients is 
formed. A carbon fiber grows from the lump of a catalyst mater ialf or 
example by the pyrolysis of carbon compound gas. 
[0039] As carbon compound gasthe steam of organic solvent ssuch as 
hydrocarbon gassuch as ethylenemethanepropanepropyleneand acetyleneor 
ethanoland acetonemay be used. 



[0040] choosing suitably the mask material 5 and the catalyst material 
layer 6 in these processes — a carbon fiber — homogeneity — it is 
high and density control is attained. When the catalyst material layer 6 
and cathode electrode 3 material etch and they do not have 
selectivitythe ''etching stop layer" which is a layer for controlling 
etching may be put in between the catalyst material layer 6 and the 
cathode electrode 3. The kind of catalyst material is chosen with the 
kind of the carbon fiber to grow upand should just combine a suitable 
mask material and etching method according to it. 

[0041]An electron emission point can be increased by being able to 
control the density of a carbon fiber by the above processesand making 
it an electric field built over each fiber by them. Thereforereducing 
the burst size of each fiberit is possible to increase current density 
and the life of electron emission material improves. In using as an 
image forming devicethere is no brightness unevennessdegradation of a 
fluorescent substance is controlledand it has uniform display properties 
over a long period of time. The process of f ine-cluster-izing the 
catalyst material of this invention uniformly can be cheaply 
manufactured like the usual lithography process covering a large area. 
[0042]Belowan example of the manufacturing method of the electron 
emission element of this invention is explained. 

[0043] An example of the electron emission element composition which 
becomes effective [ the manufacturing method of this invention ] is 
shown in drawing 2 . Drawing 2 ~a is a top view of the electron emission 
element concerning this embodimentand an A-A' sectional view [ in / in 
drawing 2~b / drawing 2 -a ]. 

[0044] In drawing 2 1 a substrate and 2 a cash-drawer electrode (gate 
electrode) and 3 A cathode electrode (cathode terminal) The "etching stop 
layer" which is a layer for the catalyst lump (catalyst material layer) 
in which 4 has been arranged at the insulating layer and 6 has been 
arranged at desired intervaland 7 to control etchingand 8 are fibers 
(carbon fiber) which use carbon as the main ingredients. 
[0045] An example of the manufacturing method of the electron emission 
element of this embodiment was shown in drawing 1 . Hereaf teralong with 
drawing l order is explained for an example of the manufacturing method 
of the electron emission element of this embodiment later on. 
[0046] Insulating substratessuch as silica glass which fully washed the 
surfaceare beforehand used as the substrate land the cathode electrode 
3the etching stop layer 7and the layer 6 containing a catalyst material 
are laminated on the substrate 1 ( drawing 1 - a). 

[0047]The cathode electrode 3the etching stop layer 7and the catalyst 



material layer (layer containing a catalyst material) 6 are suitably 
formed by general vacuum film production artsuch as vacuum deposition 
and a sputtering techniquepho to lithography technologyetc. 
[0048]The cathode electrode 3 has conductivityfor exampleis suitably 
chosen from the metallic compounds of the nitride of carbonmetaland 
metalmetaled carbidea metaled boridea semiconductorand a semiconductor. 
[0049] The material of the etching stop layer 7 is chosen with the below- 
mentioned catalyst material layer 6 and the mask material Sand may omit 
the etching stop layer 7. As a material it is suitably chosen from the 
metallic compounds of the nitride of carbonmetaland metalmetaled 
carbidea metaled boridea semiconductorand a semiconductor. As thickness 
of the etching stop layer 7it is set up in several micrometers from 
several nanometers. When arranging the etching stop layer 7it has 
conductivityin order to take the electrical link of the catalyst 
material layer 6 and the cathode electrode 3. 

[0050] The charge of a principal member of the catalyst material layer 6 
is suitably chosen from the mixture of at least one or more sorts of 
metal chosen from nickelCoFeCrRhPtPdYLaand Ceand these metal or 
carbonand carbide. And the catalyst material layer 6 has conductivityin 
order to take the electrical link of the carbon fiber 8 and the cathode 
electrode 3. 

[0051]Nextthe mask material 5 is formed on the catalyst material layer 6 
( drawing 1 - b) . The mask material 5 is formed by general vacuum film 
production artsuch as a spin coat methodthe sprinkling methoda vacuum 
deposition methoda sputtering techniqueand photolithography technology. 
[0052]When using particles as the mask material 5the particles of 
inorganic substancessuch as particles of organic matterssuch as 
polymethylmethacrylate (PMMA) silicaand aluminaare used. The material 
layer suitably chosen from the metallic compounds of the nitride of 
carbonmetaland metal which were formed the organic system resist 
patterned by photo lithography and in the shape of an islandmetaled 
carbidea metaled boridea semiconductorand a semiconductor can be used as 
a mask, not only two or more catalyst lumps' 6 density control but each 
catalyst lump* s 6 interval — homogeneity — in order to control 
highlyit is preferred to use the spherical particle of organicity and an 
inorganic system. For exampleif the solution of the spherical particle 
of silica is applied with a spin coat methodis calcinated and moisture 
is removedthe spherical particle of silica can be arranged in on the 
catalyst material layer 6. According to this invention person* s etc. 
knowledgeit is possible by adjusting the concentration of the solution 
of silica spherical particles suitably to form the layer which contacted 



two or more spherical particles mutually. 

[0053]The area (it is a diameter in the case of a spherical particle) of 
mask pattern shape is suitably set up from the range of tens of 
micrometers from tens of nm. 

[0054]Nextthe process of etching the catalyst material layer 6 is 
performed by using the mask material 5 as a mask ( drawing 1 - c). This 
etching process is roughly classified into two patterns. 1) When the 
catalyst material layer 6 is etched with the mask material 5. 2) When 
the catalyst material layer 6 is selectively etched to the mask material 
5. ****** 

[0055]The wet etching according to an etching reagent as an etching 
methodThe dry etching by etching gasthe chemical dry etching by reactive 
ionsThe physical dry etching by the high energy ion of trackingetc. are 
usedand it is suitably chosen in combination with the mask material 5the 
catalyst material layer 6 and the etching stop layer 7or cathode 
electrode 3 material. 

[0056] If the catalyst material layer 6 is etched by this processit will 
originate in the shape of the mask material Sand the island-like 
catalyst lump (two or more catalyst material layers from which each was 
separated) 6 will be formed. 

[0057]A way the mask material 5 may remain on the catalyst lump 6 in 
this etching process (for exampleabove 2) etc. In that casethe process 
which calcinates the mask material 5 or is removed by selective etching 
is added. 

[0058]Nextthe insulating layer 4 and the extraction electrode (gate 
electrode) 2 are formed in a part of above-mentioned laminated structure 
( drawing 1 - d). The insulating layer 4 and the extraction electrode 2 
are formed by general vacuum film production artsuch as vacuum 
deposition and a sputtering techniqueand photolithography technology. 
[0059] As a material of the insulating layer 4a high material of the 
pressure-proofing which ceases in a high electric field is desirableand 
is chosen suitably. As thickness of the insulating layer 4it is chosen 
from tens of nm in tens of micrometers. 

[0060] The material which has conductivity is suitably chosen as the 
extraction electrode 2. As thickness of the extraction electrode 2it is 
set up in several micrometers from several nanometers. Pref erablythe 
heat-resistant material of the nitride of carbonmetaland metal and 
metaled carbide is desirable. 

[0061]Nextthe carbon fiber 8 is formed for the catalyst lump 6 which has 
exposed as a core ( drawing 1 - e) . 

[0062]The carbon fiber 8 is formed using growth of the needle crystal 



using the nuclear growth by CVDgrowth of a crystal whiskeretc. The shape 
of the carbon fiber 8 is controlled by the shape and material of the 
kind of gas used for a CVD methodthe means of gas decompositiona 
flowgrowing temperatureand the catalyst lump 6. Shape may be controlled 
by applying an electric field at the time of CVD. 

[0063]With the carbon fiber in this inventionthe pillar-shaped substance 
which uses carbon as the main ingredientsor "the quality of a linear 
substance which uses carbon as the main ingredients" is contained. As a 
material which constitutes a carbon fibercarbon compoundssuch as 
carbidesuch as TiCZrCHfCTaCSiCand WCamorphous carbongraphitediamond like 
carbonand a diamondare also included. 

[0064] The example of the carbon fiber which decomposes and can do 
organic matter gas using a catalyst is shown in drawing 5 and 6. With 
each figurethe gestalt which is visible to most left-hand side on an 
optical microscope level (- 1000 times) the gestalt which is in sight on 
a scanning electron microscope (SEM) level (- 30000 times) in middleand 
right-hand side show typically the gestalt of the carbon which appears 
on a transmission electron microscope (TEM) level (- 1 million times). 
[0065]As shown in drawing 5 that in which graphene takes the gestalt of 
cylindrical shape (that from which the cylindrical shape has the 
multiplet structure is called a multiwall nanotube) is called a carbon 
nanotubeand the threshold falls most at the time of the structure where 
especially the tube tip was made to open wide. 

[0066] Or the carbon fiber comparatively generated at low temperature is 
shown in drawing 6 using a catalyst like a carbon nanotube. The carbon 
fiber of this gestalt comprises a layered product (for this 
reasonal though it may be called graphite nanofiberthe rate of amorphous 
structure increases with temperature) of graphene. 

[0067] A carbon nanotube and graphite nanofiber change with the kind of 
catalystand temperature of decompositionwith temperatureit may be 
selectable and only one of structures may be able to do the thing which 
has both structures with the same catalyst. 

[0068] The threshold of electron emission is about lV-lOv/micrometerand 
both of the carbon fibers are preferred as an electron emission member 
of this invention. 

[0069] Although FeCoetc. are generally used in formation of a carbon 
nanotube as a catalystalso in Pd and nickelit can use as a core for 
carbon fiber formation of this invention. 

[0070] It is possible to generate graphite nanofiber at low temperature 
(temperature of not less than 450 **) in Pd and nickel especially. Since 
not less than 800 ** of generation temperature of the carbon nanotube 



using Fe and Co is requiredsince creation of the graphite nanofiber 
material using Pd and nickel is possible at low temperatureit is 
preferred also from the influence of the member on othersand a viewpoint 
of a manufacturing cost. 

[007l]The electron source acquired by allotting below two or more 
electron emission elements which can apply this invention based on this 
principle is explained using drawing 8 . As for 81in drawing 8 the 
direction wiring of X and 83 are the direction wiring of Y an electron 
source base and 82. 84 is an electron emission element of this 
inventionand 85 is connection. 

[0072] the direction wiring 82 of X of m book — DXjDX 2 and it consists 
of DX,,, and can constitute from a conductive metal etc. which were formed 
using a vacuum deposition methodprint processesa sputtering techniqueetc. 
The material of wiringthicknessand width are designed suitably. The 
direction wiring 83 of Y is DY, and DY 2 . . It consists of wiring of n 
book of DY n and is formed like the direction wiring 82 of X. The 
unillustrated layer insulation layer is provided between the direction 
wiring 82 of X of these m bookand the direction wiring 83 of Y of n 
bookand both are separated electrically (both m and n are positive 
integers) . 

[0073]an unillustrated layer insulation layer comprises Si0 2 etc. which 
were formed using a vacuum deposition methodprint processesa sputtering 
techniqueetc. For exampleit is formed in the whole surface of the 
electron source base 81 or the shape of in part a request where the 
direction wiring 82 of X was formedand thicknessmaterialand a process 
are suitably set up so that the potential difference of the intersection 
of the direction wiring 82 of X and the direction wiring 83 of Y can be 
borne especially. The direction wiring 82 of X and the direction wiring 
83 of Y are pulled out as an external terminalrespectively. 
[0074]The electrode (un-illustrating) of the couple which constitutes 
the electron emission element 84 is electrically connected by the 
connection 85 which consists of the direction wiring 82 of X of m 
bookthe direction wiring 83 of Y of n booka conductive metaletc. 
[0075]The material which constitutes the material which constitutes the 
direction wiring 82 of X and the direction wiring 83 of Ythe material 
which constitutes the connection 85and the element electrode of a couple 
may have same some or all of the composing elementor may 
differrespectively. These materials are suitably chosen from the 
material of the above-mentioned element electrodefor example. When the 
material and the wiring material which constitute an element electrode 
are the samethe wiring linked to an element electrode can also be called 



element electrode. 

[0076]The scanning signal apply means which is not illustrated [ which 
impresses the scanning signal for choosing the line of the electron 
emission element 84 arranged in the direction of X ] is connected to the 
direction wiring 82 of X. On the other handthe modulating-signal 
generating means which is not illustrated for modulating each sequence 
of the electron emission element 84 arranged in the direction of Y 
according to an input signal is connected to the direction wiring 83 of 
Y. The driver voltage impressed to each electron emission element is 
supplied as difference voltage of the scanning signal and modulating 
signal which are impressed to the element concerned. 
[0077] In the above-mentioned compositionusing simple matrix wiringan 
individual element can be chosen and a drive can be made independently 
possible. 

[0078] The image forming device constituted using the electron source of 
such passive-matrix arrangement is explained using drawing 9 . In 
[ drawing 9 is a mimetic diagram showing an example of the display panel 
of an image forming deviceand ] drawing 9 The electron source base in 
which 81 allotted two or more electron emission elementsthe rear plate 
in which 91 fixed the electron source base 81and 96 are the faceplates 
in which the fluorescent screen 94 and the metal back 95 grade were 
formed in the inner surface of the glass substrate 93. 92 is a buck and 
the rear plate 91 and the faceplate 96 are connected to this buck 92 
using frit glass etc. For example out of the atmospherea vacuumor 
nitrogenthe envelope 97 is calcinating 10 minutes or moreand is sealed 
and constituted in the temperature requirement of 400 to 500 degrees. 
[0079] The envelope 97 comprises the faceplate 96the buck 92and the rear 
plate 91 like ****. Since it is provided in order to mainly reinforce 
the intensity of the electron source base 81the rear plate 91 can be 
made unnecessary [ the rear plate 91 of a different body ] when it has 
intensity sufficient by electron source base 81 the very thing. That 
isthe buck 92 may be directly sealed to the electron source base 81and 
the envelope 97 may consist of the faceplate 96the buck 92and the 
electron source base 81. The envelope 97 which has sufficient intensity 
to atmospheric pressure by installing the base material which is not 
illustrated [ which is called a spacer ] between the faceplate 96 and 
the rear plate 91 on the other hand can also be constituted. 
[0080] The image forming device of this embodiment can be used also as an 
image forming device as an optical printer constituted using the 
photosensitive drum besides the display of television broadcast ingand 
displayssuch as a video conference system and a computeretc. 



[0081] 

[Example] Hereafterthe concrete example about this embodiment is 
described in detail. 

[0082] About the manufacturing method of the electron emission element of 
this exampleit is drawing 2 to <Example 1> drawing 1. - The top view of 
the electron emission element produced to aand drawing 2 - The sectional 
view was shown in b. Belowthe manufacturing process of the electron 
emission element of this example is explained in detail. 
[0083] (Process 1) After using a quartz substrate for the substrate 1 and 
washing enoughas the cathode electrode 3 5-nm-thick Ti and 50-nm-thick 
Pt20-nm-thick Pd was performed as the etching stop layer 7and it vapor- 
deposited continuously by the sputtering technique as 10-nm~thick Ti and 
the catalyst material layer 6 ( drawing 1 - a). 

[0084] the layered product whole of the (process 2) next the process 1 — 
the spherical particles (200 nm in diameter) of silica — 5wt% — the 
spin coat distributed the included solution and it dried at 120 ** for 
20 minutesand as the mask material 5path spherical particles 200 nm in 
diameter were put in order so that each particle might touch ( drawing 1 

- b). 

[0085]Dry etching of the layered product was carried out by the ion beam 
etching by Ar gas from on the (process 3) next the mask material 5. Since 
the mask material 5 is a real ball~likeit is deleted from the endand the 
diameter of the mask material 5 decreases with advance of etching. The 
catalyst material layer 6 on the etching stop layer 7 is etched into 
massive [ independent ] in connection with the shape change of the mask 
material 5. Etching was advanced until the mask material 5 disappeared 
thoroughlyand the diameter of the lump 6 which consists of catalyst 
materials ended etching in the place used as about about 20 nm. Since 
the etching stop layer 7 was hardly etchedthe catalyst lump 6 thickness 
and whose width are about 20 nm was formed on the etching stop layer 7 
at equivalent interval. The distance from a certain catalyst lump' s 6 
center to the next catalyst lump's 6 center was 200 nm ( drawing 1 - c) . 
[0086] By the (process 4) next photo lithographyform a resist pattern on a 
layered product using negative-mold photoresist (RD2000/Tokyo adaptation 
make) and by a sputtering technique from on the. 30-nm-thick Ta was 
vapor-deposited as 1-micrometer-thick Si0 2 and the cash-drawer electrode 
2 as the insulating layer 4and a hole 2 micrometers in diameter was 
formed by the lift off ( drawing 1 - d) . 

[0087] carrying out heat-treatment for 500 ** and 10 minutes in the 
(process 5) then the 0. 1% ethylene air current which carried out nitrogen 
dilution — a hole — the carbon fiber 8 extended to fibrous was formed 



in the field which the inner catalyst lump 6 has exposed at 20 nm - 
about 30 nm in diameterbeing crooked. The thickness of the carbon fiber 
8 was set to about 500 nm at this time ( drawing 1 - e). 
[0088] In the vacuum devices 70 of drawing 7 this element was fully 
exhausted until it reached 2x10 " 6 Pa with the evacuation device 71and 
the fluorescent substance 72 was installed in the position which is 
separated from an element H= 2 mm as shown in drawing 7 as the anode 73. 
When Va=8kV was impressed as anode (anode) voltageit checked that 
electron emission was not generated by the negative pole in this state 
and pulse voltage was impressed to the extraction electrode as the 
driver voltage Vfthe current Ie between the anode-negative poles began 
to be observed from the place like Vf=10V. When luminescence of the 
fluorescent substance was observed at the time of Vf=20Vthere was little 
luminance distribution in a luminous regionand luminescence stable for a 
long time has been checked. 

[0089] The catalyst material layer 6 of nickel was formed in <Example 2> 
process land the electron emission element was produced like Example 1 
except having performed the process 3 as follows. 

[0090] (Process 3) Wet etching of the layered product was carried out in 
FeCl 3 solution from on the mask material 5. With advance of etchingthe 
mask material 5 maintains the shape of a real ball before etchingand 
over etching is carried out to massive [ the catalyst material layer 6 
under the mask material 5 became independent of ]. Etching was ended in 
the place where the diameter of the lump 6 which consists of catalyst 
materials became about about 20 nm. Thenwhen the mask material 5 was 
selectively removed using buffer fluoric acidthe catalyst lump 6 was 
uniformly formed like Example 1. 

[009l]When the electron emission element produced as mentioned above was 
driven with composition like drawing 7 Vf=20VIe stable like Example 1 
was obtained. 

[0092] The example of the electron emission element of the horizontal- 
type structure which separated the gap and formed the element cathode 
electrode and the extraction electrode on the insulating substrate as 
<Example 3> example 3 was shown. Hereaf teralong with drawing 3 the 
manufacturing method of the electron emission element of this example is 
explained. 

[0093] (Process 1) The resist pattern 9 was formed on the quartz 
substrate land as the cathode electrode 320-nm-thick Pd was performed as 
5-nm-thick Ti and 50-nm-thick Ptand the etching stop layer 7and it 
vapor-deposited continuously by the sputtering technique as 20~nm-thick 
Ti and the catalyst material layer 6. 



[0094]Thenby the same method as the process 2 of Example las the mask 
material 5the spherical particles (200 nm in diameter) of silica were 
put in order so that each particle might touch ( drawing 3 - a). 
[0095] By the same method as the (process 2) next the process 3 of Example 
lit etched by having used the particles of silica as the maskand the 
catalyst lump 6 was formed on the cathode electrode 3 ( drawing 3 - b) . 
[0096] After exfoliating the (process 3) next the early resist pattern 95- 
nm-thick Ti and 50-nm-thick Pt were formed as the extraction electrode 2 
by photo lithography and a sputtering technique. Gap distance (distance 
between the element cathode electrode 3 and the extraction electrode 2) 
was 4 micrometers ( drawing 3 - c) . 

[0097] The carbon fiber 8 was formed by the same method as the (process 
4) then the process 5 of Example 1 ( drawing 3 - d). 

[0098] Ie stable when the electron emission element produced as mentioned 
above was driven with composition like drawing 7 Vf=30V was obtained. 
[0099]The image forming device produced by allotting two or more 
electron emission elements which can apply <Example 4> this invention is 
explained using drawing 8 and 9 and 10. 

[0100]As for 81in drawing 8 the direction wiring of X and 83 are the 
direction wiring of Y an electron source base and 82. The electron 
source in which two or more electron emission elements of Example 1 or 2 
gathered 84and 85 are connection. 

[0101] in drawing 8 — the direction wiring 82 of X of m book — 
DXJ)X 2 and . . it consists of DX^ and comprises an aluminum system wiring 
material about 1 micrometer in thicknessand 300 micrometers in width 
formed with vacuum deposition. The material of wiringthicknessand width 
are designed suitably. The direction wiring 83 of Y is 0. 5 micrometer in 
thicknesslOO micrometers in widthDY^nd DY 2 . . It consists of wiring of n 
book of DY n and is formed like the direction wiring 82 of X. The 
unillustrated layer insulation layer is provided between the direction 
wiring 82 of X of these m bookand the direction wiring 83 of Y of n book. 
Both are separated electrically (both m and n are positive integers). 

[0102]The unillustrated layer insulation layer comprised Si0 2 about 1 
micrometer thick using the sputtering technique etc. So that it may be 
formed in the whole surface of the electron source base 81 or the shape 
of in part a request where the direction wiring 82 of X was formed and 
the potential difference of the intersection of the direction wiring 82 
of X and the direction wiring 83 of Y can be borne especiallyln this 
examplethe thickness of the layer insulation layer was decided that the 
element capacity per element becomes 1 pF or less and the element 



resisting pressure 30V. The direction wiring 82 of X and the direction 
wiring 83 of Y are pulled out as an external terminalrespectively. 
[0103]The electrode (un-illustrating) of the couple which constitutes 
the emission element 84 of this invention is electrically connected by 
the connection 85 which consists of the direction wiring 82 of X of m 
bookthe direction wiring 83 of Y of n booka conductive metaletc. 
[0104] The scanning signal apply means which is not illustrated [ which 
impresses the scanning signal for choosing the line of the electron 
emission element 84 of this invention arranged in the direction of X ] 
is connected to the direction wiring 82 of X. On the other handthe 
modulating-signal generating means which is not illustrated for 
modulating each sequence of the electron emission element 84 of this 
invention arranged in the direction of Y according to an input signal is 
connected to the direction wiring 83 of Y. The driver voltage impressed 
to each electron emission element 84 is supplied as difference voltage 
of the scanning signal and modulating signal which are impressed to the 
element 84 concerned. In this examplethe direction wiring 83 of Y was 
connected so that high potential and the direction wiring 82 of X might 
become low voltage. 

[0105] In the above-mentioned compositionusing simple matrix wiringan 
individual element can be chosen and a drive can be made independently 
possible. 

[0106] The image forming device constituted using the electron source of 
such passive-matrix arrangement is explained using drawing 9 . This 
example explains the display panel of the image forming device which 
used soda lime glass as a glass substrate material. 

[0107] In drawing 9 the electron source base in which 81 allotted two or 
more electron emission elementsthe rear plate in which 91 fixed the 
electron source base 81and 96 are the faceplates in which the 
fluorescent screen 94 and the metal back 95 grade were formed in the 
inner surface of the glass substrate 93. 92 is a buck and the rear plate 
91 and the faceplate 96 are connected to this buck 92 using frit glass 
etc. 97 is an envelopeout of a vacuumis calcinating in the temperature 
requirement of 450 degrees for 10 minutesand is sealed and constituted. 
[0108] 84 is equivalent to the electron emission part in drawing 9 . 82 
and 83 are the direction wiring of X and the direction wiring of Y which 
were connected with the element electrode of the couple of the electron 
emission element of this invention. 

[0109] The envelope 97 comprises the faceplate 96the buck 92and the rear 
plate 91 like ****. The envelope 98 which has sufficient intensity to 
atmospheric pressure by installing the base material which is not 



illustrated [ which is called a spacer ] between the faceplate 96 and 
the rear plate 91 on the other hand was constituted. 
[01 10] The metal back 95 performed data smoothing (usually called 
"filming".) of the inner surface side surface of the fluorescent screen 
94 after fluorescent screen 94 productionand was made from making 
aluminum deposit using vacuum deposition etc. after that. 
[0111] In order to improve the conductivity of the fluorescent screen 94 
to the faceplate 96 furtherthe transparent electrode (un-illustrating) 
was provided in the outside surface side of the fluorescent screen 94. 
[0112] Drawing 10 is a figure showing the example of a circuit of an 
image formation panel, in drawing 10 — 101 — as for a shift register 
and 105a scanning circuit and 103 are [ a synchronizing signal separate 
circuit and 107 ] modulating-signal generators a line memory and 106 a 
control circuit and 104 a display panel and 102. 

[0113]The scanning circuit 102 is explained. The circuit is the thing 
provided with M switching elements (SI thru/or Sm show typically among 
the figure) and is in an inside. Each switching element chooses the 
output voltage of the direct current voltage supply Vxor either of 0 
[V]s (grand level)and is electrically connected with terminal Doxl of 
the display panel 101 thru/or Doxm. Each switching element of SI thru/or 
Sm operates based on the control signal Tscan which the control circuit 
103 outputs. 

For exampleit can constitute by combining a switching element like FET. 

[0114] In this examplethe direct current voltage supply Vx are set up 
output the fixed voltage that the driver voltage impressed to the 
element which is not scanned based on the characteristic (electron 
emission threshold voltage) of the electronic electron emission element 
of this invention becomes below in electron emission threshold voltage. 
[0115]The control circuit 103 has a function in which operation of each 
part is adjusted so that a suitable display may be performed based on 
the picture signal inputted from the exterior. The control circuit 103 
generates each control signal of TscanTsftand Tmry to each part based on 
the synchronized signal Tsync sent from the synchronizing signal 
separate circuit 106. 

[0116]The synchronizing signal separate circuit 106 is a circuit for 
separating a synchronized signal ingredient and a luminance signal 
component from the TV signal of the NTSC system inputted from the 
outsideand can be constituted using a general frequency separation 
(filter) circuit etc. Although the Vertical Synchronizing signal and the 
Horizontal Synchronizing signal were comprisedthe synchronized signal 



separated by the synchronizing signal separate circuit 106 was 
illustrated as a Tsync signalafter [ expedient ] explaining here, the 
luminance signal component of the picture separated from said TV signal 
— for convenience — a DATA signal — a table — the bottom. This DATA 
signal is inputted into the shift register 104. 

[0117] It is for the shift register 104 carrying out serial/parallel 
conversion of said DATA signal inputted serially for every line of a 
picturelt operates based on the control signal Tsft sent from said 
control circuit 103 (that isit can also be said that the control signal 
Tsft is a shift clock of the shift register 104.). The data for the 
picture of one line by which serial/parallel conversion was carried out 
(equivalent to an electron emission element N matter henchman' s drive 
data) is outputted from said shift register 104 as N parallel signals of 
Idl thru/or Idn. 

[0118]The line memory 105 is memory storage for between required time to 
memorize the data for the picture of one line. 

According to the control signal Tmry sent from the control circuit 

113the contents of Idl thru/or Idn are memorized suitably. 

The memorized contents are outputted as I' dl thru/or I* dnand are 

inputted into the modulating-signal generator 107. 

[0119]The modulating-signal generator 107 is a signal source for 

carrying out the drive abnormal conditions of each of the electronic 

electron emission element of this invention appropriately according to 

each of image data I' dl thru/or I* dn. 

The output signal is impressed to the electronic electron emission 
element of this invention in the display panel 101 through terminal Doyl 
thru/or Doyn. 

[0120]As mentioned abovethe electron emission element which can apply 
this invention has the following basic characteristics to the emission 
current Ie. That isthere is the clear threshold voltage Vth in electron 
emissionand only when the voltage more than Vth is impressedelectron 
emission arises. To the voltage more than an electron emission 
thresholdemission current also changes according to change of the 
impressed electromotive force to an element. When impressing pulse form 
voltage to this elementeven if it impresses the voltage below an 
electron emission thresholdfor exampleelectron emission is not produced 
from thisbut an electron beam is outputted when impressing the voltage 
beyond an electron emission threshold. In that caseit is possible by 
changing the peak value Vm of a pulse to control the intensity of an 
output electron beam. It is possible to control the total amount of the 



electric charge of the electron beam outputted by changing the width Pw 
of a pulse. 

[0121]Thereforeaccording to an input signala voltage modulation 
methodpulse width modulationetc. are employable as a method which 
modulates an electron emission element. It faces carrying out a voltage 
modulation method and the circuit of a voltage modulation method which 
generates the voltage pulse of fixed length and modulates the peak value 
of a pulse suitably according to the data inputted can be used as the 
modulating-signal generator 107. 

[0122] It faces carrying out pulse width modulation and the circuit of 
pulse width modulation which generates the voltage pulse of fixed peak 
value and modulates the width of a voltage pulse suitably according to 
the data inputted can be used as the modulating-signal generator 107. 
[0123]The digital signal type was used for the shift register 104 or the 
line memory 105. 

[0124] In this examplean amplifying circuit etc. are added to the 
modulating-signal generator 107 if neededfor example using a D/A 
conversion circuit. In the case of pulse width modulationthe circuit 
which combined the comparator (comparator) which compares with the 
output value of said memory the output value of a calculating machine 
(counter) and a calculating machine which calculates the wave number 
which a high-speed oscillator and an oscillator outputfor example was 
used for the modulating-signal generator 107. 

[0125] The composition of the image forming device described here is an 
example of the image forming device which can apply this invention. 
Based on the technical thought of this inventionvarious modification is 
possible. 

About an input signalalthough NTSC system was heldan input signal is not 
restricted to this and can also adopt the television signal (for 
examplehigh-def inition TVs including MUSE) method which consists of many 
scanning lines rather than this besides PALan SECAM systemetc. 
[0126] 

[Effect of the Invention] If the electron emission element by this 
invention is used as explained aboveemission current density is high and 
a long lasting electron source can be realized. 

[0127] In an image forming devicesince it comprises said electron source 
and a picture is formed based on an input signalit is realizablehigher 
definition image forming devicefor examplecolor flat television. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a figure showing an example of the manufacturing method 
of the electron emission element by this invention. 

[Drawing 2] It is a figure showing an example of the electron emission 
element by this invention. 

[Drawing 3] It is a figure showing other examples of the manufacturing 
method of the electron emission element by this invention. 
[Drawing 4] It is a figure showing an example of the etching process by 
this invention. 

[Drawing 5] It is a schematic diagram showing the structure of a carbon 
nanotube. 

[Drawing 6] It is a schematic diagram showing the structure of graphite 
nanof iber. 

[Drawing 7] It is a figure showing the example of composition when 
operating the electron emission element by this invention. 
[Drawing 8] It is a figure showing the example of composition of the 
passive-matrix circuit using the electron emission element by this 
invention two or more. 

[Drawing 9] It is a figure showing the example of composition of the 
image formation panel using the electron source by this invention. 
[Drawing 10] It is a figure showing the example of a circuit of the image 
formation panel using the electron source by this invention. 
[Drawing 11] It is a figure showing the conventional example of an 
electron emission element. 

[Drawing 12] It is a figure showing the conventional example of an 
electron emission element. 

[Drawing 13] It is a figure showing the conventional example of an 
electron emission element. 
[Description of Notations] 

1 Substrate 

2 Extraction electrode (gate electrode) 

3 Cathode electrode (cathode terminal) 

4 Insulating layer 

5 Mask material 

6 Catalyst material layer (catalyst lump) 

7 Etching stop layer 

8 Carbon fiber 

9 Resist pattern 



